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(57) ABSTRACT 

An integrated nucleation and bulk deposition process is 
disclosed for forming a CVD metal ?lm over a semicon 
ductor substrate that has structures formed thereon. In the 
integrated deposition process of the present invention, 
nucleation seed deposition and bulk deposition are per 
formed in an integrated and contemporaneous manner. In 
one embodiment, a reactant gas and a reducing agent gas 
?oW into a pressurized reaction chamber. As the integrated 
deposition process progresses, pressure and How of reactant 
gas are increased While How of reducing agent gas is 
decreased. The integrated deposition process of the present 
invention gives a signi?cant decrease in process time as 
compared to prior art processes. Moreover, the integrated 
deposition process of the present invention gives good ?ll 
characteristics While providing suf?cient protection to 
underlying structures. 

20 Claims, 8 Drawing Sheets 
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METHOD FOR INTEGRATED NUCLEATION 
AND BULK FILM DEPOSITION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the ?eld of semiconductor 

devices. More particularly, the present invention relates to a 
method for forming a CVD metal ?lm. 

2. Related Art 

In conventional in Complimentary Metal Oxide Semicon 
ductor (CMOS) device fabrication processes, semiconductor 
devices are formed on a semiconductor substrate using a thin 
gate oxide layer that forms gates betWeen conductive 
regions in the semiconductor substrate. Overlying metal 
interconnect structures provide for electrical connection to 
the underlying semiconductor devices. 
CVD metal ?lms are formed in Damascene structures or 

in blanket ?lms Which are subsequently patterned and etched 
by a variety of chemical, mechanical, plasma, or Wet pro 
cessing steps. The resultant metal interconnect structures 
provide electrically active pathWays for integrated circuits. 

Conventional methods for forming CVD metal ?lms use 
a tWo-step process. First, a nucleation seed layer is depos 
ited. The nucleation seed layer is critical to device protection 
and step coverage of the CVD metal ?lm. 

This is folloWed by bulk deposition. The bulk deposition 
step provides the required thickness of the CVD metal ?lm. 
In conventional processes, an aggressive precursor is used 
such as, for example, a halogenated gas. The nucleation seed 
layer protects the underlying structure from damage during 
the subsequent bulk deposition step. If the nucleation layer 
has insufficient thickness or coverage, the halogenated gas 
Will damage the underlying structure(s). 

The nucleation ?lm is counterproductive to getting good 
bulk deposition. More particularly, When too thick of a 
nucleation layer is used, the resulting bulk deposition does 
not have good ?ll characteristics. HoWever, When the nucle 
ation layer is insuf?cient, though good ?ll characteristics are 
obtained, there is insuf?cient device protection that can lead 
to device damage and device failure. 

In a typical semiconductor manufacturing process, nucle 
ation and bulk deposition processes are performed sequen 
tially as separate process steps. There is typically a pause 
betWeen the step of depositing the nucleation seed layer and 
the bulk deposition step. The termination of the step of 
depositing the nucleation seed layer and the pause betWeen 
the nucleation and bulk deposition steps affects manufac 
turability. More particularly, the pause results in increased 
process time. This adds to the cost of manufacturing semi 
conductor devices. 
What is needed is a Way to obtain a CVD metal ?lm that 

has both good ?ll characteristics and device protection. In 
addition, a method is required that meets the above need and 
that provides for reduced process time. The present inven 
tion provides a solution to the above needs. 

SUMMARY OF THE INVENTION 

The present invention provides a method for forming a 
CVD metal ?lm that has good ?ll characteristics and that 
does not damage underlying devices and structures. In 
addition, the method of the present invention reduces pro 
cess time, hence giving manufacturability and cost improve 
ments. 

An integrated nucleation and bulk deposition process is 
disclosed. In the integrated deposition process of the present 
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2 
invention, nucleation seed deposition and bulk deposition 
are performed in an integrated and contemporaneous man 
ner. In the present embodiment, nucleation seed deposition 
and bulk deposition are performed in a continuous multi 
step process How to achieve a CVD metal ?lm having good 
?ll characteristics and adequate protection of any underlying 
structures. Because nucleation and bulk deposition are per 
formed contemporaneously, there is no separation betWeen 
the process of nucleation and bulk deposition as occurs in 
prior art processes. 

In one embodiment, structures are formed on a semicon 
ductor substrate. The semiconductor substrate is then placed 
into a reaction chamber. In one embodiment, the reaction 
chamber is a chemical vapor deposition reaction chamber. 
The reaction chamber is then pressuriZed. 
FloW of a reactant gas into the reaction chamber is then 

initiated. In the present embodiment, the reactant gas is 
tungsten hexa?oride. Alternatively, other reactant gasses 
could be used such as, for example, titanium tetrachloride. 
FloW of a reducing agent gas into said reaction chamber is 
also initiated. In one embodiment, the reducing agent gas 
includes hydrogen gas and silane gas. HoWever, 
alternatively, other reducing agents could be used such as, 
for example, NH3. In the present invention, How of reactant 
gas is contemporaneous With the How of reducing agent gas 
in a continuous process How so as to form a CVD metal ?lm 
over the structures formed on the semiconductor substrate. 

As the integrated deposition process progresses, How of 
reactant gas is increased and How of reducing agent gas is 
decreased. Also, as the integrated deposition process 
progresses, pressure is increased. In, the present 
embodiment, How of reactant gas, How of reducing agent 
gas and pressure are incrementally changed a number of 
times throughout the integrated deposition process. 
The integrated deposition process of the present invention 

gives a signi?cant decrease in process time as compared to 
prior art processes. This results in cost savings. In one 
embodiment, the method of the present invention provides 
process time savings of over 25 percent as compared to prior 
art processes. This is signi?cant, particularly in light of the 
fact that the process of the present invention is performed 
?ve to six times during the fabrication of a typical semi 
conductor chip. 
The method of the present invention provides an addi 

tional degree of freedom that is not present in prior art 
processes Which is the ability to trade off How of reacting 
agent (and reducing agent) With total pressure. Moreover, 
the method of the present invention alloWs for reactant and 
reactant agent ?oWs, partial pressures and total pressure to 
be continuously and simultaneously modulated in-situ. 
Thus, in the present invention, different groWth mechanisms 
are combined, alloWing for superior device protection While 
keeping less conformal groWth mechanisms to a minimum 
thickness, thereby maximiZing step coverage and ?lm con 
formity. This alloWs for optimiZation of ?ll characteristics 
relative to protection requirements. Thereby, a CVD metal 
?lm can be obtained having superior ?ll characteristics as 
compared to prior art processes. 

Accordingly, the integrated deposition process of the 
present invention gives good ?ll characteristics While pro 
viding suf?cient protection to underlying structures. In 
addition, the method of the present invention provides for 
reduced process time as compared to prior art processes. 

These and other objects and advantages of the present 
invention Will become obvious to those of ordinary skill in 
the art after having read the folloWing detailed description of 
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the preferred embodiments that are illustrated in the various 
drawing ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a method for forming a CVD metal ?lm in 
accordance With an embodiment of the present invention. 

FIG. 2 shoWs a more detailed method for forming a CVD 
metal ?lm in accordance With an embodiment of the present 
invention. 

FIG. 3 a side cut-aWay vieW of a semiconductor substrate 
having devices formed thereover and having interconnect 
structures formed thereon in accordance With an embodi 
ment of the present invention. 

FIG. 4 is a diagram that illustrates the deposition of a 
CVD metal ?lm over the structure of FIG. 3 in accordance 
With an embodiment of the present invention. 

FIG. 5 is a graph that shoWs an exemplary process pro?le 
in accordance With an embodiment of the present invention. 

FIG. 6 is a graph that shoWs an exemplary partial pressure 
pro?le in accordance With an embodiment of the present 
invention. 

FIG. 7 is a graph that compares the process pro?le of FIG. 
5 to a typical prior art process pro?le. 

FIG. 8 is a graph that compares the partial pressure pro?le 
of FIG. 6 to a typical prior art partial pressure pro?le. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the folloWing detailed description of the present 
invention, numerous speci?c details are set forth in order to 
provide a thorough understanding of the present invention. 
HoWever, it Will be recogniZed by one skilled in the art that 
the present invention may be practiced Without these speci?c 
details or With equivalents thereof. In other instances, Well 
knoWn methods, procedures, components, and circuits have 
not been described in detail as not to unnecessarily obscure 
aspects of the present invention. 

FIG. 1 shoWs a method for forming a CVD metal ?lm in 
accordance With one embodiment of the present invention. 
As shoWn by step 101, an integrated deposition process is 
performed in Which nucleation seed deposition and bulk 
deposition are performed in an integrated and contempora 
neous manner. 

In the present embodiment, reducing agent gas and reac 
tant agent gas are introduced into a pressuriZed environment 
in a contemporaneous manner in a continuous process How 
so as to produce a CVD metal ?lm that has both good ?ll 
characteristics and that sufficiently protects any underlying 
structures. 

In one embodiment that is illustrated in FIG. 2, a semi 
conductor substrate over Which the CVD metal ?lm is to be 
formed is placed into a reaction chamber (step 201). In one 
embodiment, the reaction chamber is a chemical vapor 
deposition reaction chamber. 

The reaction chamber is then pressuriZed as shoWn by 
step 202. In the present embodiment, the reaction chamber 
is pressuriZed to an initial pressure of 4.5 Torr. 

FloW of a reactant gas into the reaction chamber is then 
initiated as is shoWn by step 203. Although any of a number 
of different types of reactant gas could be used as a reactant 
agent, in the present embodiment tungsten hexa?oride 
(WF6) is used as a reactant agent. 

FloW of a reducing agent gas into the reaction chamber is 
initiated as shoWn by step 204. In the present embodiment, 
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4 
the reducing agent gas includes a ?rst reducing agent that is 
silane gas and a second reducing agent that is hydrogen gas. 
HoWever, alternatively, other reducing agents could be used. 

Referring noW to step 205, How of the reactant gas is 
increased as the integrated deposition process progresses. 
Accordingly, in the present embodiment, the ?oW of 
reactant/reducer gas is increased as the integrated deposition 
process progresses. In one speci?c embodiment of the 
present invention, How of reactant/reducer gas is initially 
approximately 30 standard cubic centimeters per minute and 
the How of gas is increased to approximately 120 standard 
cubic centimeters per minute as the integrated deposition 
process progresses. 

Referring noW to step 206, How of the reducing agent gas 
is decreased as the integrated deposition process progresses. 
Accordingly, in the present embodiment, How of a ?rst 
reducing agent is decreased as the integrated deposition 
process progresses. Also, How of a second reducing agent is 
decreased as the integrated deposition process progresses. In 
one embodiment of the present invention, How of the ?rst 
reducing agent is initially approximately 15 standard cubic 
centimeters per minute and the How of the ?rst reducing 
agent is decreased to Zero as the integrated deposition 
process progresses. In this embodiment, How of the second 
reducing agent is initially approximately 4000 standard 
cubic centimeters per minute and the How of the second 
reducing agent is decreased to approximately 1000 standard 
cubic centimeters per minute as the integrated deposition 
process progresses. 

Continuing With FIG. 2 as shoWn by step 207, pressure 
Within the reaction chamber is increased as the integrated 
deposition process progresses. In one embodiment of the 
present invention, pressure Within the reaction chamber is 
initially in the range of approximately 4.5 Torr and the 
pressure increases as the deposition process progresses to 
approximately 90 Torr. 
The reaction chamber is then depressuriZed as shoWn by 

step 208. More particularly, the reaction chamber is alloWed 
to return to atmospheric pressure. The substrate is then 
removed from the reaction chamber as shoWn by step 209. 

In the present embodiment, the pressure Within the reac 
tion chamber is incrementally increased a number of times 
throughout the integrated deposition process. In the embodi 
ment shoWn in FIGS. 5—6 pressure is increased a total of 8 
times. HoWever, pressure could be increased more or feWer 
times, or could be continually incrementally adjusted. 

In the present invention, How of reactant gas is contem 
poraneous With the How of reducing agent gas in a continu 
ous process How so as to form a CVD metal ?lm over the 
structures formed on the semiconductor substrate. In one 
embodiment that is illustrated in FIGS. 5—6, How of reactant 
gas and How of reducing agent gas are simultaneously 
initiated to begin the integrated deposition process. Both 
reactant gas and reducing agent gas simultaneously ?oW into 
the reaction chamber and react to produce a CVD ?lm upon 
the substrate. The How of reactant gas and reducing agent 
gas are then altered so as to produce optimal ?ll character 
istics While obtaining suf?cient protection for underlying 
structures. 

FIG. 3 shoWs an exemplary structure 301 over Which 
integrated deposition process 100 of FIG. 1 and integrated 
deposition process 200 of FIG. 2 can be performed. In the 
present embodiment, structure 301 is formed over semicon 
ductor substrate 300. In the present embodiment, structures 
301 include semiconductor devices (not shoWn) that are 
formed on silicon substrate 300. In one embodiment, semi 
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conductor devices are formed using an ultra-thin oxide layer 
(not shown) that extends between conductive regions 
formed Within the silicon substrate 300. In the present 
embodiment, structures 301 include active structures 302 
that are selectively electrically connected to the underlying 
semiconductor devices. In the present embodiment, active 
structures 302 are transistors. 

It is appreciated that structure 301 formed on semicon 
ductor substrate 300 is representative of structures over 
Which a CVD metal ?lm can be formed in accordance With 
method 100 of FIG. 1 and method 200 of FIG. 2. HoWever, 
method 100 of FIG. 1 and method 200 of FIG. 2 are Well 
adapted for use With other types of structures. 

Referring noW to FIG. 4, the structure of FIG. 3 is shoWn 
after method 100 of FIG. 1 or method 200 of FIG. 2 has been 
performed so as to produce a CVD metal ?lm 401 that 
directly overlies structure 301 of FIG. 3. It can be seen that 
CVD metal ?lm 401 has good ?ll characteristics and step 
coverage. 

In one speci?c embodiment of the present invention, 
pressure (in Torr) and How of reducing agents (in Standard 
Cubic Centimeters per Minute (SCCM)) and reactant agents 
are varied incrementally in eight steps. In the ?rst step, a 
total pressure of 4.5 Torr is used along With a reactant agent 
How of 30 SCCM, a ?rst reducing agent How of 15 SCCM 
and a second reducing agent How of 4000 SCCM. In the 
second step a total pressure of 10 Torr is used along With a 
reactant agent How of 30 SCCM, a ?rst reducing agent How 
of 15 SCCM and a second reducing agent How of 4000 
SCCM. In the third step a total pressure of 30 Torr is used 
along With a reactant agent How of 30 SCCM, a ?rst 
reducing agent How of 15 SCCM and a second reducing 
agent How of 4000 SCCM. In the fourth step a total pressure 
of 40 Torr is used along With a reactant agent floW of 30 
SCCM, a ?rst reducing agent How of 10 SCCM and a second 
reducing agent How of 2000 SCCM. In the ?fth step a total 
pressure of 45 Torr is used along With a reactant agent How 
of 30 SCCM, a ?rst reducing agent How of Zero and a second 
reducing agent How of 2000 SCCM. In the sixth step a total 
pressure of 50 Torr is used along With a reactant agent How 
of 30 SCCM, a ?rst reducing agent How of Zero and a second 
reducing agent How of 2000 SCCM. In the seventh step a 
total pressure of 70 Torr is used along With a reactant agent 
How of 80 SCCM, a ?rst reducing agent How of Zero and a 
second reducing agent How of 2000 SCCM. In the eighth 
step a total pressure of 90 Torr is used along With a reactant 
agent How of 120 SCCM, a ?rst reducing agent How of Zero 
and a second reducing agent How of 1000 SCCM. The chart 
that folloWs illustrates the eight step process of this embodi 
ment. 

Step 

1 2 3 4 5 6 7 8 

Total 4.5 10 3O 4O 45 5O 7O 90 
Pressure 
Reactant 3O 3O 3O 3O 3O 3O 80 120 
Agent FloW 
First 15 15 15 10 O O O 0 
Reducing 
Agent FloW 
Second 4000 4000 4000 2000 2000 2000 2000 1000 
Reducing 
Agent ?oW 

Though the present embodiment is described as an eight 
step process, it is appreciated that more or feWer steps could 
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6 
be used and that different pressures and How levels could be 
used. In addition, though the present embodiment is 
described in the form of steps, the steps, taken together, form 
a continuous process How in Which a single CVD metal layer 
is formed. In an alternate embodiment (not illustrated), 
changes are uniformly incremental instead of stepped. 

FIG. 5 shoWs an exemplary process pro?le 501 in accor 
dance With one embodiment of the present invention. In this 
illustration, process pressure (total pressure) is indicated on 
the vertical axis and process time is indicated on the hori 
Zontal axis. In this embodiment, How of reactant gas and 
reducing agent gasses (steps 202 and 203 of FIG. 2) are 
simultaneously initiated beginning at point Z1. All gas ?oW 
for both reactant gas and reducing agent gasses is shoWn to 
end at point Z2. The pressure is then reduced to atmospheric 
pressure. This gives a process time indicated by arroW T1. 
In one embodiment of the present invention, method 100 of 
FIG. 1 and method 200 of FIG. 2 give a process time T1 of 
approximately 94 seconds. 

FIG. 6 shoWs an exemplary partial pressure pro?le 601 in 
accordance With one embodiment of the present invention. 
In this embodiment, How of reactant gas and How of 
reducing agent gas begin at point Z1 and end at point Z2. In 
this illustration, reaction time is indicated on the horiZontal 
axis and partial pressure of the reactant agents divided by the 
partial pressure of the reactant is shoWn on the vertical axis. 
Calculation of partial pressures for the vertical axis is 
determined by taking the partial pressure of hydrogen to the 
1/2 poWer plus partial pressure of silane to the ?rst poWer, all 
divided by the partial pressure of the reactant (here WF6) to 
the ?rst poWer as shoWn in the folloWing equation: 

PP WF 6 

FIG. 7 compares exemplary process pro?le 501 of FIG. 5 
to a typical prior art process, illustrated by process pro?le 
701. Nucleation begins at point x1 and ends at point x2. 
There is a time lag While pressure is increased. Then, bulk 
deposition begins at point y1. The bulk deposition process 
then ends at point y2, folloWed by depressuriZation to give 
a process time of T2 (approximately 130 seconds) for the 
exemplary prior art process. It can be seen that the process 
time T1 of the present invention is signi?cantly less than the 
process time T2 of the exemplary prior art process. 

FIG. 8 shoWs the exemplary partial pressure pro?le of 
FIG. 6 as compared to a prior art process, illustrated by 
partial pressure pro?le 801. In this embodiment, Nucleation 
begins at point x1 and ends at point x2. Bulk deposition 
begins at point y1 and ends at point y2. This illustration only 
shoWs reaction time. Hence, it does not take into account 
time betWeen the end of the nucleation step, represented by 
point x2 and the beginning of the bulk deposition step, 
represented by point y1. Thus, it can be seen that the process 
of the present invention is quicker than exemplary prior art 
process 801, even When the time betWeen nucleation and 
bulk deposition is not taken into account. 

The integrated deposition process of the present invention 
gives a signi?cant decrease in process time as compared to 
prior art processes. This results in cost savings. In one 
embodiment, the method of the present invention provides 
process time savings of over 25 percent as compared to prior 
art processes. This is signi?cant, particularly in light of the 
fact that the process of the present invention is performed 
?ve to six times during the fabrication of a typical semi 
conductor chip. 
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The method of the present invention provides an addi 
tional degree of freedom that is not present in prior art 
processes Which is the ability to trade off How of reacting 
agent (and reducing agent) With total pressure. Moreover, 
the method of the present invention allows for reactant and 
reactant agent ?oWs, partial pressures and total pressure to 
be continuously and simultaneously modulated in-situ. 

In the present invention, different groWth mechanisms are 
combined, alloWing for superior device protection While 
keeping less conformal groWth mechanisms to a minimum 
thickness, thereby maximiZing step coverage and ?lm con 
formity. This alloWs for optimiZation of ?ll characteristics 
relative to protection requirements. Thereby, a CVD metal 
?lm can be obtained having superior ?ll characteristics as 
compared to prior art processes. 

Accordingly, the integrated deposition process of the 
present invention gives good ?ll characteristics While pro 
viding suf?cient protection to underlying structures. In 
addition, the method of the present invention provides for 
reduced process time as compared to prior art processes. 

While the present invention has been described in par 
ticular embodiments, it should be appreciated that the 
present invention should not be construed as limited by such 
embodiments, but rather construed according to the beloW 
claims. 
What is claimed is: 
1. Amethod for forming a CVD metal ?lm comprising the 

step of performing an integrated deposition process, said 
integrated deposition process including nucleation seed 
deposition and bulk deposition, said nucleation seed depo 
sition and said bulk deposition performed in an integrated 
and contemporaneous manner. 

2. The method of claim 1 Wherein said integrated depo 
sition process includes the integrated and contemporaneous 
deposition of reducing agent gas and reactant gas in a 
pressuriZed environment. 

3. The method of claim 2 Wherein said reactant gas 
comprises a Halogenated gas. 

4. The method of claim 3 Wherein said Halogenated gas 
further comprises tungsten hexa?oride and Wherein the How 
of said tungsten hexa?oride is increased as said integrated 
deposition process progresses. 

5. The method of claim 3 Wherein said reducing agent gas 
comprises hydrogen and Wherein How of said hydrogen is 
decreased as said integrated deposition process progresses. 

6. The method of claim 5 Wherein said reducing agent gas 
comprises silane and Wherein ?oW of said silane is 
decreased as said integrated deposition process progresses. 

7. The method of claim 3 Wherein the pressure Within said 
reaction chamber is increased as said integrated deposition 
process progresses. 

8. The method of claim 7 Wherein said pressure Within 
said reaction chamber is initially in the range of approxi 
mately 4.5 Torr and Wherein said pressure increases as said 
deposition process progresses to approximately 90 Torr. 

9. The method of claim 6 Wherein said How of said silane 
is initially approximately 15 standard cubic centimeters per 
minute and Wherein said How of said silane is decreased to 
Zero as said integrated deposition process progresses. 

10. The method of claim 4 Wherein said How of said 
tungsten hexa?oride is initially approximately 30 standard 
cubic centimeters per minute and Wherein said How of said 
tungsten hexa?oride is increased to approximately 120 stan 
dard cubic centimeters per minute as said integrated depo 
sition process progresses. 

11. A method for forming a CVD metal ?lm over a 
semiconductor substrate having structures formed thereon, 
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8 
said method comprising the step of performing an integrated 
deposition process, said integrated deposition process 
including nucleation seed deposition and bulk deposition, 
said nucleation seed deposition and said bulk deposition 
performed in an integrated and contemporaneous manner by 
the integrated and contemporaneous deposition of reactant 
and reducing agent gasses in a pressuriZed deposition cham 
ber. 

12. The method of claim 11 Wherein said reducing agent 
gas comprises hydrogen and Wherein How of said hydrogen 
is decreased as said integrated deposition process 
progresses. 

13. The method of claim 12 Wherein said reducing agent 
gas comprises silane and Wherein How of said silane is 
decreased as said integrated deposition process progresses. 

14. The method of claim 13 Wherein said reactant agent 
comprises tungsten hexa?oride and Wherein How of said 
tungsten hexa?oride is increased as said integrated deposi 
tion process progresses. 

15. The method of claim 14 Wherein pressure Within said 
reaction chamber is increased as said integrated deposition 
process progresses. 

16. The method of claim 15 Wherein said pressure Within 
said reaction chamber is initially in the range of approxi 
mately 4.5 Torr and Wherein said pressure increases as said 
deposition process progresses to approximately 90 Torr. 

17. The method of claim 16 Wherein said How of said 
hydrogen is initially approximately 4000 standard cubic 
centimeters per minute and Wherein said How of said hydro 
gen is increased to approximately 1000 standard cubic 
centimeters per minute as said integrated deposition process 
progresses. 

18. The method of claim 17 Wherein said How of said 
silane is initially approximately 15 standard cubic centime 
ters per minute and Wherein said How of said silane is 
decreased to Zero as said integrated deposition process 
progresses. 

19. The method of claim 18 Wherein said How of said 
tungsten hexa?oride is initially approximately 30 standard 
cubic centimeters per minute and Wherein said How of said 
tungsten hexa?oride is increased to approximately 120 stan 
dard cubic centimeters per minute as said integrated depo 
sition process progresses. 

20. An integrated nucleation and bulk deposition process 
comprising the steps of: 

introducing a semiconductor substrate having structures 
formed thereon into a reaction chamber; 

pressuriZing said reaction chamber; 
?oWing a reactant gas into said reaction chamber, said 

reactant gas comprising tungsten hexa?oride; 
?oWing a reducing agent gas into said reaction chamber, 

said reducing agent gas comprising hydrogen and com 
prising silane; 

increasing How of said reactant gas as said integrated 
deposition process progresses; 

decreasing How of said reducing agent gas as said depo 
sition process progresses; 

increasing pressure Within said reaction chamber as said 
deposition process progresses; and 

Wherein How of said reactant gas is contemporaneous 
With the How of said reducing agent gas so as to form 
a CVD metal ?lm over said structures. 


